Introduction
The randomised controlled trial (RCT) is the best available design for establishing effectiveness (Cook and Campbell 1979; Shadish, Cook, and Campbell 2002; Torgerson and Torgerson 2008) . Nevertheless, the quality of RCTs varies, and a poor quality RCT may provide less reliable evidence than a well-designed and conducted non-randomised study. It is often difficult, however, to distinguish between rigorously or poorly designed and conducted RCTs unless the key methodological aspects that contribute to their robustness are well reported.
The problem of poorly reported RCTs is widely acknowledged in health care research (Schultz et al. 1995) . A methodological comparison between reporting standards of RCTs in education and health care research found that educational trials were reported more poorly than health care trials (Torgerson et al. 2005) . For instance, in a sample of more than 80 educational trials, none reported their rationale for sample size or whether randomisation was concealed and independent, and most did not report independent blinded outcome assessment but did report a number of outcomes without pre-specification of the main outcome. In response to acknowledgement of poor trial reporting in health care research, methodologists designed the Consolidated Standards for Reporting Trials (CONSORT) (Moher et al. 2010 , Schultz et al. 2010 . Most high profile medical journals and journals in other disciplines (e.g., all American Psychology Association journals and some education journals) now adhere to the CONSORT guidance. Although the CONSORT framework is easily adaptable to educational trials (see Torgerson and Torgerson 2008) , it is not widely used in the reporting of educational field trials undertaken in the United Kingdom, although in the United States, the Institute of Education Sciences (http://ies.ed.gov/) recommends its use to researchers designing and reporting efficacy and effectiveness trials in educational research.
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In this paper we present a randomised controlled trial evaluation of the effectiveness of an intensive one-to-one numeracy programme -Numbers Count (NC) -which is part of the previous governments' numeracy policy, Every Child Counts (ECC) . ECC was set up in 2007 as a partnership between Government, businesses and charities, and was administered by the Every Child a Chance Trust (ECaCT). The programme was funded by the Department for Children, Schools and Families (DCSF) and a number of charitable trusts, led by KPMG through ECaCT. From September 2011 the programme entered a three year transition phase.
At the end of this period, the Department for Education (DE) will no longer administer the programme centrally, although schools will be free to buy into it themselves. The trial reported here is one aspect of the independent evaluation of the policy, which included an impact evaluation (three randomised controlled trials with an embedded economic evaluation) and a process evaluation of the implementation of the intervention. The evaluation was funded in 2009 by the Department for Children, Schools and Families (DCSF), and has previously been reported in detail in Torgerson et al. 2011a and Torgerson et al. 2011b . The technical report and accompanying appendices, including the trial protocol, can be located here:
https://www.education.gov.uk/publications/RSG/SchoolsSO/Page8/DFE-RR091A.
The aim of this paper is to demonstrate that the key elements of the trial, including key methodological aspects as well as the principal results, can be reported in a concise fashion within a journal, without the need for a lengthy report. Therefore, all the crucial elements a reader might wish to know about the design and conduct of the trial are contained within this paper, which allows an objective judgement to be made about its methodological quality. The 22-item CONSORT checklist has been included as Appendix A, and a CONSORT flow diagram has been included as Figure 1 in order to demonstrate that it is possible to design, conduct and report an educational trial using the same quality standards that are routinely expected in health care trials.
Background
In 2011 in the UK the number of 11 year-olds gaining level 4 and above (expected levels) at key stage 2 mathematics was 80%, having risen from 59% in 1998. A recent independent review for the UK government of mathematics teaching in primary schools, including ECC, noted that about 5% of lower attaining pupils at age 11 go on to leave secondary education with no qualification at all in mathematics (Williams 2008) .
The development of the ECC programme was supported by the then-Labour government to address underachievement in numeracy skills in primary schools. Every Child Counts includes three 'waves' of mathematics instruction and intervention: wave 1 (quality classroom teaching for all), wave 2 (small group additional intervention for children just below national expectations) and wave 3 (individual intervention with a trained specialist teacher). Numbers Count provides the wave 3 intensive one-to-one intervention for those children identified as lowest attaining 6-7 year old children at risk of failing to thrive in numeracy (Edge Hill University 2008) . It is a 12-week programme consisting of daily 30 minute sessions delivered by specially trained teachers, and takes place during normal lesson time. It was specifically designed to help children to develop their knowledge and understanding of number, through a comprehensive diagnostic assessment of each child's strengths and weaknesses, core learning objectives, and guidance for teachers on lesson structure and key teaching approaches. Numbers Count was an expensive centrally funded intervention; therefore it was essential that it was robustly and independently evaluated.
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In order to obtain reliable evidence of the effectiveness of NC compared with normal classroom practice, the UK government funded us to undertake an independent evaluation using a randomised controlled trial design.
An RCT is superior to an evaluation using a single group pre-and post-test design.
Results from evaluations using this (pre-experimental) design are likely to be confounded through temporal changes (the natural process of children improving their mathematical skills through ordinary teaching and/or increasing maturity) and regression to the mean effects (the statistical phenomenon whereby children who are tested and achieve scores at the extreme of a distribution will, on average, tend to show an improvement on re-testing irrespective of any real change whatsoever). It is widely acknowledged that single group pre-and post-test studies exaggerate estimates of effectiveness in the order of 60% or more when compared with studies that include a contemporaneous control group (Lipsey and Wilson 1993) .
As well as having a contemporaneous control group, it was also crucial that such a control group was prospectively assembled through the process of random assignment, otherwise bias could have been introduced (Torgerson and Torgerson 2008) . Such bias can either underestimate or overestimate the effectiveness of an intervention. For instance, if pupils who received NC in our evaluation were selected on the basis of a low score on a test, then regression to the mean effects would have ensured an exaggerated improvement compared with children in the control group who scored higher on the pre-test and did not receive the intervention. Alternatively, teachers who select children for an intervention may, consciously or unconsciously, select children that they think will do especially well; and comparing their performance with other children, even with similar test scores, will produce a biased result. Random allocation ensures that biases due to temporal changes, regression to the mean, or pupil selection are absent from effect size estimates.
C. Torgerson et al. Although random allocation eliminated selection bias, the potential for a number of postrandomisation biases to be introduced after random allocation was minimised through design.
For example, it was important that tests undertaken post-randomisation were administered and marked by personnel who were blinded or masked to the membership of the intervention and control groups. This was to avoid conscious or unconscious effects by testers who may have had a desire to ensure that the intervention children performed to the best of their ability.
Design and methods
We used a pragmatic randomised design (Torgerson and Torgerson 2007) . This design was used to evaluate the intervention in real life classroom and school settings in diverse geographical areas across England to increase the ecological validity and the extent to which the results could be generalised to other schools not included in the trial. In this design, children and their parents identified by the schools as eligible to receive NC were recruited and consented in the first two weeks of term in September 2009. The children were randomly allocated within schools to either the intervention or control group. The intervention group received NC in the autumn term (in addition to normal classroom maths teaching), whilst the control group received normal classroom maths teaching alone during the autumn term, and were placed on a waiting list to receive NC in addition in the spring or summer terms. The decision to use a delayed treatment (waiting list) design with unequal allocation was a pragmatic one, and taken to enable all 12 children eligible to receive NC in each school to be included in the randomised comparison at post-test. This design, therefore, gave the optimum number of children included in the trial.
The primary outcome assessment was the Progress in Maths (PIM) 6 test from GL Assessment (Clausen-May et al. 2004) . The assessment covers a wide range of mathematical
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skills (number, shape and data handling) and is broader than the scope of the skills covered by NC. It should be noted, however, that the primary justification for the ECC programme was to raise mathematical achievement generally, and NC sought to do this by concentrating on number, on the assumption that other areas of mathematics would also improve (Edge Hill University 2008). It follows, therefore, that a more general test of mathematical knowledge, as opposed to one that just focuses on number, is an appropriate primary outcome. PIM 6 is not a programme-inherent measure, which means that the children were not directly taught the concepts included in the outcome measure. Independent administration meant that the evaluators could ensure that outcome ascertainment was undertaken blind to group allocation.
The baseline test for the PIM 6 was the Sandwell test (Arnold et al. 2011) ; we used this to increase the power and precision of the study. We also used the Sandwell test as a secondary outcome measure at post-test. This test was originally developed for use by the Sandwell inclusion support service, and went on to be adopted by the Every Child a Chance Trust for use with NC. The assessment covers national curriculum skills from P6 to level 2a, focuses on number and largely coincides with the underlying approach of NC. However, in our trial, the Sandwell test was not undertaken independently of the implementation of the NC programme. Therefore, we, as the evaluators, could not ensure that the people administering and marking the test at post-test did not know whether the children were in the NC intervention group or in the control group. The post-test Sandwell test results should be treated with appropriate caution.
Randomisation
Once baseline testing was completed, the children were randomly allocated within schools using an independent, concealed randomisation process which was undertaken by the York Trials Unit. An independent data manager, from the York Trials Unit, wrote a software C. Torgerson et al. programme that randomised participants in exact numbers into three groups: NC delivered in the autumn term (i.e., the intervention group) and NC delivered in either the spring or summer term (i.e., the control group). Thus, from a block of 12 children from each school, 4 were randomly allocated into each group: no other stratification variable was used. The investigators had no role in the randomisation procedure. The use of a secure, third party allocation system though the York Trials Unit ensured that the random allocation was concealed and independent of the developers and implementers of the intervention, and that it could not be tampered with in ways which have been shown to be problematic in some health care trials (Schulz 1995) .
Blinded assessment
To reduce the problem of potential ascertainment bias, we used independent testers for the PIM 6 test who did not know whether the children they tested were in the intervention or the control group. The tests were also marked blindly.
All children were tested in January 2010, after the intervention group had received NC and before the control group received NC, using the PIM 6 mathematics test, the primary outcome measure. All children were also tested at the same time using the secondary outcome mathematics test, the Sandwell test.
Sample size calculation for the PIM 6 test
The power calculations were based upon the following. We wanted to detect a difference in PIM 6 of 0.25 standard deviations between the intervention and control groups. We also assumed a pre-test post-test correlation of at least 0.70 (i.e., the Sandwell test would correlate by at least 0.7 with the PIM 6). To have at least a 95% chance of observing such a difference we needed approximately 600 children in our sample given a randomisation ratio of 2:1 (at
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the end of the first term generally 8 children were in the control group and 4 were in the intervention group). Given that NC was offered to 12 children in most of the sample schools, we needed to recruit 50 schools.
Statistical analysis
We prepared a statistical analysis plan before the data were analysed. The primary analysis compared mathematics attainment on the PIM 6 test of the intervention children receiving NC in the autumn term with the control children who had not yet received NC and were allocated to receive NC in the spring or summer terms. The secondary analysis compared mathematics attainment on the Sandwell test of the intervention children receiving NC in the autumn term with the control children who had not yet received NC and were allocated to receive NC in the spring or summer terms. The analysis of the PIM 6 test was conducted on an intention-totreat basis, which provides the most useful indication about the impact of the programme.
Intention-to-treat analysis means that any children who crossed over from either study arm (i.e. dropped out or received NC at a different time) were analysed as per their randomised allocation. Analyses were conducted in Stata using 2-sided significance tests at the 5% significance level. All baseline data were summarised by treatment group and described descriptively. The scores on the PIM 6 were summarised descriptively (means and standard deviations) by allocated group (intervention and control). Linear regression was used to compare the two groups, with adjustments made for the potential clustering within schools using the Huber-White sandwich estimator (robust standard errors). This was because, even though the children were allocated individually, they were grouped within schools to receive the intervention. The outcome modelled was the PIM 6 score, and the model included age, gender, free school meal status, Sandwell test score (pre-test) and group allocation. This analysis was repeated for the secondary outcome, which was the Sandwell test.
C. Torgerson et al.

Results
Data from 44 schools and 522 children were included in the analysis for this report. The progress and attrition of schools and children through the trial is shown in the following CONSORT diagram, Figure 1. 
[FIGURE 1 HERE]
There were relatively few protocol deviations; and we adhered to an intention-to-treat data analytic plan. Table 1 summarises characteristics of all children included in the trial by the term of delivery. 18 children were randomised to receive NC in the spring or summer terms only for pragmatic reasons, and have been excluded from the summaries below. As expected, randomisation resulted in all groups having similar characteristics.
[TABLE 1 HERE]
Between randomisation to intervention group or control group and assessment on the PIM 6 test, approximately 86 (17%) of children were lost to follow-up or were withdrawn. There were a number of reasons for those lost to follow-up, including absence from school during the testing and the bad, snowy weather in the UK in January 2010 when the post-tests were undertaken. However, we do not believe that the absence of these children is likely to have introduced bias, as the proportion missing from each group was similar: 31 (18%), 24 (14%) and 31 (19%) for groups allocated to autumn, spring and summer respectively, and there did
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not appear to be any systematic reasons for the drop-out that would have been related to the group to which the children had been allocated.
In Table 2 we show the main results. The mean PIM 6 mathematics test score for the intervention children was 15.8 (SD 4.9) and the mean score for the control children was 14.0 (SD 4.5). The effect size (Cohen's d) was d=0.33 95% CI [0.12, 0.53], with confidence intervals a long way from zero, indicating strong evidence of a difference between the two groups, adjusted B 1.47 95% CI [0.71, 2.23] p<0.001.
[TABLE 2 HERE]
We estimate that, on average, NC produced an additional improvement of 7 weeks in numeracy skills, as measured by the PIM 6 mathematics test, compared with usual teaching.
In other words, in a 12-week term the children in the intervention group improved by 19 weeks compared with the children in the control group, who improved by 12 weeks.
The secondary outcome measure was the Sandwell test, which was undertaken and marked by NC teachers, class teachers or teaching assistants, who were not blind to group allocation. The effect size for this measure was much larger at d=1.11 95% CI [0.91, 1.31]. Table 3 shows that the children improved their Sandwell test scores once they received NC. By July, when all children had received NC, they were all performing at a similar level in numeracy, as measured by the Sandwell test.
[TABLE 3 HERE] Discussion
C. Torgerson et al. We report the results of a randomised controlled trial comparing one-to-one NC teaching with normal classroom practice using CONSORT criteria. Because we adhered to this guidance, we argue that readers can assess the rigour of our design and understand its limitations.
In summary, our results demonstrate a statistically significant effect of Numbers Count on our primary, independently marked, mathematics test. The effect size of d=0.33 is reasonable for a pragmatic field trial. We estimate that this translates into an average of 7 additional weeks' progress for children in the intervention (NC) group over the course of a 12-week term, or 19 weeks' progress in numeracy for children receiving NC compared with 12 weeks' progress for children not receiving NC.
We can look at the results in other ways which can help with interpretation of the educational significance of the effect size difference we noted. If we assume a bench mark of the average score of the control group, the results are consistent with an extra 12-16% of the children in the intervention group getting a score higher than the average score of the control group.
The trial design has a number of key strengths. The randomisation used a specifically written software programme from the York Trials Unit which maintained its security.
Observer bias was eliminated in the primary outcome measure through the use of independent testers who were unaware of the group allocation of the children being tested.
The completed tests were marked by independent testers unaware of the group allocation. We also present our results as differences in means with 95% confidence intervals. The use of confidence intervals allows us to understand the likely range of intervention effect.
CONSORT recommends the use of confidence intervals rather than p values when presenting the results from pragmatic field trials. Historically, few RCTs in education have presented confidence intervals; typically there is an emphasis on p values when reporting trials (Torgerson et al 2005) . Finally, we, the evaluators, were independent of all parties with a potential interest in the outcomes of the trial.
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The trial does, however, have a number of limitations. As described in the CONSORT flow diagram, we had a significant number of children not taking the PIM 6 Mathematics test. However, because the number of children missing was virtually identical between the intervention and control groups, and because there did not appear to be any systematic reason for the drop-out, we do not think any significant bias was introduced. In Table 4 we show the baseline characteristics for all children in the trial, showing separately those pupils included in the primary analysis and those with missing primary outcome data.
[TABLE 4 HERE]
Our actual sample size was somewhat lower than we had anticipated (418 rather than 600); however, the effect size we observed (d=0.33) was somewhat greater than anticipated in the original sample size calculation. Consequently, there was little loss of power in our study.
Although our secondary outcome measure of mathematical achievement showed a much larger difference (i.e., >1 standard deviation), we must be cautious when interpreting this difference, as it was not marked blindly and is a treatment inherent measure, both of which factors will tend to exaggerate the effectiveness of the intervention. Therefore, the higher effect size for this measure compared with the effect size for the PIM 6 measure may be due to a conscious or unconscious tendency, by the markers, to award higher marks to intervention group children when undertaking the Sandwell tests, or because it was a treatment inherent measure or a combination of both.
The design did suffer from other limitations, which were partly due to the funders requiring us to use a short-term waiting list design which prevented us from looking at the C. Torgerson et al. longer-term effects of NC. Ideally, a cluster randomised design utilising a longer term followup would be necessary to see whether or not the intervention could have 'washed out' over time, with the children in the control group catching up using normal classroom teaching.
Furthermore, we could not disentangle the effect of one-to-one teaching per se from NC, which is delivered individually. Consequently, it may be that offering a different one-to-one mathematics intervention could have had similar effects.
Conclusions
In summary, our data demonstrate that the short-term impact of Numbers Count is positive.
Our results demonstrate a statistically significant effect size of d=0.33 of NC on the primary mathematics test. The effect size translates into an average of 7 additional weeks' progress for children in the intervention group over the course of a 12-week term.
Like many trials, our study had both strengths and limitations. We feel, however, due to our a priori decision to report these in an explicit manner, as advocated by CONSORT, that we limited weaknesses where we were able (e.g., using blinded independent testing) and reported potential problems where we could not (e.g., attrition rates). This allows readers to evaluate the scientific rigour of our study, and make better informed decisions in terms of policy and future research. Finally, we have demonstrated that it is feasible to conduct an educational trial using the rigorous methodological techniques required by the CONSORT statement. Figure 1 . CONSORT diagram. Note. Excludes children unable to be randomised to the autumn term d=0.33 (0.12 to 0.53) Note. N = 409. CI = confidence interval. Analyses were adjusted for the clustering within schools. Analyses excluded children who could not be randomised to autumn term. *p<0.001 Note. Excludes children unable to be randomised to the autumn term. 
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